Expanding the diversity of fungi can lead to the discovery of secondary metabolites that can be applied in the pharmaceutical field. For this purpose, a new simple method using an anthracycline antibiotic, daunomycin (DM), as a selection reagent in isolating slowergrowing fungi was established. DM treatment significantly prevented the growth of ordinary faster-growing fungi, thereby fascilitating the selective isolation of slower-growing fungi. In addition, the possibility of isolating rare fungus genera was increased when the DM method was employed. Furthermore, the number of genera obtained by the DM method (56) was larger than that by the Rose Bengal (RB) method (38), and the genera isolated by these methods showed some overlap (20 genera).
Although attention to natural products in drug discovery has been reduced due to difficulties in isolating and elucidating the active compounds, the potential of certain natural products, the microbial second metabolites, have lately been recognized again in this field. The fungus is a well-known microorganism as a source of natural products, but the rate of discovery of novel bioactive compounds originating from fungi has decreased recently. 1) Nevertheless, expanding the diversity of fungal isolates is of importance for renewed discovery and development of pharmaceutical agents.
Several agar plate methods (vegetable juice medium, soil extraction medium, etc.) have contributed to the isolation of soil fungi, but, they have particular disadvantages. Not all soil fungi form colonies in any one medium. It is difficult to perfect a medium in which all the possible kinds of fungi can develop. And faster-growing fungi tend to cover the plate before slower-growing fungi grow. These repercussions have prevented reserchers from expanding the diversity of fungi.
To date, various attempts have been made to improve the plate method of isolating fungi. James et al. suggested the use of Rose Bengal (RB) in fungus media to reduce the spread of fungal colonies.
2) RB is a photosensitizer that causes singlet oxygen toxicity and a genetic response (glutathione peroxidase homologous gene, Gpxh).
3) Curl et al. tested various concentrations of 42 dyes, alkaloids, plant-growth regulators, and miscellaneous chemicals as substitutes for RB. 4 ) Among these, a plant growth retardant, 2,4-dichlorobenzyltributylphofonium chloride, significantly increased the numbers of fungal colonies per plate and suppressed fastgrowing fungi at 500 mg/ml. Farrow et al. emphasized the advantages of using RB in combination with streptomycin, as follows: i) Species of Aspergillus and Penicillium developed better on this medium than on any of the others tested; ii) RB made it possible to detect fungal growth early; iii) use of the dye limited colony size, which in return allowed an increase in the number of fungi on the plate; and iv) bacterial growth was suppressed. 5) Considering these reports, we studied the RB method and realized that it cannot limit the colony size of some strains, and does not contribute to expanding the diversity of fungi. Hence, we examined an antibiotic that has a different mechanism from RB.
Daunomycin (DM) is an anthracycline antibiotic isolated from the culture broth of Streptomyces peucetius.
6) It has been reported that DM intercalates between adjoining nucleotide G/C base pairs, 7) and that, it slows or prevents the growth of cancer cells. In this report, we describe a new method using DM and an evaluation of this method of isolating slower-growing fungi.
Chloroform/Isoamyl alcohol (25:24:1) (PCI) was purchased from Nippon Gene (Tokyo). Fast DNA kit from Qbiogene (Irvine, CA) was used in DNA extraction, and GoTaq Ò Green Master Mix (GoTaq), from Promega (Madison, WI) was used in PCR. Primers were synthesized by Sigma Genosys (Sapporo, Japan). The type of thermal cycler used was a T Gradient thermocycler from Biometra (Göttingen, Germany). A BigDye Terminator v3.1 Cycle Sequencing Ready Reaction Kit (BigDye) and a BigDye Terminator v1.1, v3.1 5 Â Sequencing Buffer (Sequencing Buffer) for sequencing reaction and a 3130 Genetic Analyzer for DNA sequencing analysis were purchased from Applied Biosystems (Foster City, CA).
Soil and plant samples. As shown in Table 1 , 23 soil and plant samples (A-W) were collected from six places in Japan for evaluation of the effects of DM concentration (experiment 1) and for comparison with the usual RB method (experiment 2).
Meteorological data were obtained from the Japan Meteorological Agency (http://www.jma.go.jp/jma/ index.html).
Preparation of isolation plates. DM plate. We employed LCA plates with DM. LCA was constituted of 0.2 g/l of yeast extract, 1 g/l of glucose, 2 g/l of NaNO 3 , 1 g/l of KH 2 PO 4 , 0.2 g/l of KCl, 0.2 g/l of MgSO 4 . 7H 2 O, 0.1 g/l of chloramphenicol, and 18 g/l of agar; pH was adjusted to 7.0. 8) This was sterilized at 121 C for 20 min and cooled. Then 10% DM solution dissolved in distilled water and sterilized by filtration was added to LCA. The final concentration of DM was adjusted to 0 (control), 0.001, 0.01, and 0.1%.
RB plate. For comparison of the DM method with the RB method, we prepared LCA plates with 0.0033% RB following James et al.
2) LCA with 0.0033% RB was sterilized at 121 C for 20 min.
Isolation of fungi. About 0.3 g of each soil sample was added into a tube with 3 ml of sterilized phosphate buffered saline (PBS) solution. This suspension was mixed vigorously for 1 min, diluted 100-fold, and spread over isolation plates.
Each of the plant samples was successively treated with 70% ethanol (v/v) for 1 min, 1.5% solution of sodium hypochlorite for 1 min, and again with 70% ethanol for 1 min to sterilize the microorganisms on the plant surface and to obtain endophytes. The plate sample was cut into small pieces (approximately 5 Â 5 mm 2 ) and placed on the isolation plates.
The isolation plates were incubated at 25 C for 2 to 13 d. Colonies of fungi on the isolation plates were transferred to sterilized PDA. After the colonies grew sufficiently, we eliminated duplicate colonies by morphologic and chromatic (e.g., ivory, gray, amber, black, white, etc.) criteria. The selected strains were identified by a subsequent procedure.
Sequencing analysis. DNA extraction. A piece of each colony on a PDA plate (50 to 100 mm 2 ) was cut and transferred to a tube containing 450 ml of TE buffer (1 mM EDTA, 10 mM Tris-HCl, pH 7.6) and 50 ml of 10% SDS solution. The tube was shaken vigorously for 30 s. and pulse spined for 5 s for defoaming. PCI (500 ml) was added to the tube, shaken vigorously for 30 s, and centrifuged at 14;000 Â g for 10 min. The resulting supernatant (300 ml) was transferred to another tube. Chromosomal DNA was precipitated by adding ethanol (600 ml) and 3 M sodium acetate (30 ml) to the solution, which was re-dissolved in 50 ml of TE. The solution was used as a template.
When DNA extraction by the above method failed, we employed a FastDNA kit, which uses a bead matrix and lysis buffer to pulverize cells by agitation in a FastPrep agitator for high-speed cell disruption, followed by absorption of DNA to a lysing matrix, a wash step, and elution of DNA in the buffer. PCR amplification and sequencing. To generate templates for sequencing, the primer pair NL1-NL4 was used to amplify about 500 b.p. of the 5 0 ends of 28 S rDNA spanning domains D1 and D2.
9) The positions of the NL primers are illustrated by Kerstin et al. 10) We employed GoTaq as a DNA polymerase for its convenience. The PCR reaction mixture was prepared as follows: forward and reverse primers, 10 pmol each; dimethylsulfoxiside, 1.0 ml; 2 Â GoTaq, 9.0 ml; template, 3.0 ml; and H 2 O to 20 ml. PCR was performed with T Gradient thermocycler. The temperature profile included an initial denaturing step of 2 min at 96 C, 35 cycles of 20 s at 96 C for DNA denaturation, 20 s at 55 C for primer annealing, and 60 s at 68 C for primer extension, a final extension of 2 min at 68 C, and a 4 C soak. Ethanol precipitation was performed to purify the products.
The sequencing reaction mixture was prepared as follows: BigDye, 1 ml; sequencing buffer, 3 ml; primer NL1, 1.5 pmol; dimethylsulfoxiside, 0.5 ml; and H 2 O to 10 ml. The temperature profile included an initial denaturing step of 2 min at 96 C, 30 cycles of 10 s at 96 C, 5 s at 50 C, and 240 s at 60 C, and a 4 C soak. Ethanol precipitation was performed to purify the products.
Results

Effects of DM concentration on fungi isolation
To evaluate the effects of DM concentration, we employed LCA plates with DM. LCA was used due to its low glucose content which suppresses overgrowth of fast-growing species. It also induces sporulation, and is useful in morphological identification.
11)
A total of 380 fungal strains were isolated from 13 Japanese soil and plant samples (A-M) with LCA plates containing DM, and the final concentrations of which were 0 (control), 0.001, 0.01, or 0.1%. Among these, 263 fungi were selected by morphologic and chromatic criteria. The number of fungi selected increased with increasing concentrations of DM (Table 1) . Formation and extension of hyphae were slowed or inhibited, and many kinds of fungi formed colonies on isolation plates containing higher concentrations of DM. On the other hand, several kinds of faster-growing fungi covered all or most of the plates with lower concentrations of DM (Fig. 1) .
The 28 S rDNA sequence data for strains of the kingdom fungi were collected by BLAST (The Basic Local Alignment Search Tool http://www.ncbi.nlm.nih.gov/ blast/). Genus determination must be made by polyphasic analysis, depending on chemotaxonomy and morphological characteristics, in addition to phylogenetic analysis by rDNA sequence. But in this study, we employed a more convenient 28 S rDNA homology value of 94% as a genus determination criterion. The value of 94% was arbitrarily defined. If an isolated fungus demonstrated a 28 S rDNA homology value with most homologous species exceeding this value, it was identified simply as the genus. Otherwise, we assumed that the fungus might belong to a rare genus whose sequence has yet to be registered in the BLAST or which has not been described. Species determination was not performed because the homology value of the 28 S rDNA sequence did not become the determination criterion for species.
We identified 250 fungi from the 263 strains selected. The success rate for identification based on 28 S rDNA (number of identified strains/number of strains tried to identify) was 95.1%, including the results with the Fast DNA kit. Simple identification of these isolates was performed according the results of a homology search of partial 28 S rDNA sequences. As shown in Table 2 , the number of fungal genera selected also increased with increasing concentrations of DM. There was a significant correlation between the number of fungal strains selected and that of the fungal genera selected. We could select the diverse fungal genera precisely by morphologic and chromatic criteria.
We succeeded in obtaining nine strains that belonged to rare genera from the isolation plates containing 0.1% DM. The 28 S rDNA homology values for these nine strains showed similarities to those of Dactylaria parvispora at 92.8%, Ellisembia calyptrata at 91.3%, Mortierella verticillata at 94.0% and Mortierella polycephala at 93.3%, Xylomelasma sordida at 91.8%, 93.8%, 93.7%, Sebacina sp. at 91.7%, and Phoma exigua at 93.5%. The homology values of the three rare strains to those of X. sordida were 91.8%, 93.8%, and 93.7%. The differences in these values mean that the three strains were not identical. Table 2 shows in detail the number of genera isolated, selected, and identified. The genera were classified phylogenetically. The classification was based on recent molecular phylogenetic analysis. [12] [13] [14] Eighteen genera DM, 0% DM, 0.001% DM, 0.01% DM, 0.1% were obtained only from the isolation plates containing 0.1% DM. All these 18 strains grew slowly, and were selected from 5 to 9 d after incubation was initiated.
In other words, we isolated various fungi, including slower-growing fungi, as a result of slowing or curtailing the growth of faster-growing fungi. As Table 2 also shows, different types of genera occurred in different places, and endophytes occupied different positions from soil fungi.
Comparison of the DM method with the RB method A total of 461 fungal strains were isolated from 10 Japanese soil samples (N-W) with the isolation plates containing DM or RB. The final concentration of DM was adjusted to 0.1% and that of RB to 0.0033%. Among these, 328 fungi were selected by morphological and chromatic criteria. The DM method was compared with the RB method ( Table 3 ). The number of fungi obtained by the DM method was 186, and that by the RB method 142. Since the growth of hyphae on the isolation plates with DM was slower than that on the plates with RB (Fig. 2) , we isolated more kinds of fungi by the DM method than by the RB method. Table 3 shows in detail the number of genera isolated, selected, and identified. Those genera were classified phylogenetically. We identified 313 fungi from the 328 strains selected. The success rate for identification based on 28 S rDNA was 95.4%. In all, the strains selected belonged to 64 genera. Twenty genera were found by both the DM and the RB method. Twenty-six genera were found only by the DM method, and 18 genera only by the RB method. Thus the number of genera found by the DM method was larger than that by the RB method, and the genera by the DM and RB methods showed some overlap.
From the isolation plates containing DM, we succeeded in obtaining eight strains that belonged to rare genera. The 28 S rDNA homology values for these eight strains showed the highest similarities to those of Mortierella polycephala at 92.5%, Mortierella verticillata at 93.5% and 93.6%, Sporidesmium australiense at 93.6%, Xanthomendoza fallax at 82.4%, Xylomelasma sordida at 93.3% and 93.9%, and Preussia minima at 93.1%. The homology values of the two rare strains to those of M. verticillata were 93.5% and 93.6%. The differences in these values mean that the two strains were not identical. The same holds for the other two strains similar to X. sordida. On the other hand, we obtained two strains that belonged to rare genera from the isolation plates containing RB. The homology values of those two strains showed the highest similarities to those of Eupenicillium javanicum at 92.5% and Penicillium marneffei at 93.7%. Eight of the 10 strains grew slowly, and we selected them 6 to 13 d after incubation was initiated.
Discussion
In the experiment on the effects of DM concentration, as shown in Table 2 , we obtained 46 genera and six rare genera of fungi on the isolation plates containing DM that we could not isolate on the plates without DM. In addition, as Table 2 shows, 21 genera were obtained from the plate without DM, 25 genera with 0.001% DM, 35 genera with 0.01% DM, and 40 genera and six rare genera with 0.1% DM. These results indicate that DM reduced the growth rate of the faster-growing fungi, thus we were able to isolate various fungal genera, whereas four genera, Ambomucor, Coniochaeta, Galiella, and Itersonilia occurred only on plates without DM, which suggests that these genera might be sensitive to DM and that DM prevented their growth or killed them. The final concentration of DM, 0.1%, was extremely high, 360-fold higher than that intended to inhibit the growth of tumor cells (IC 50 , 2.8 mg/ml) resulting from the intercalating action. 15) Since the permeability of DM to fungal cells is different from that to tumor cells, this concentration for slowing or preventing the growth of faster-growing fungi might be reasonable. It would be of interest to elucidate the mechanisms of different sensitivities to DM, since no such studies have been performed.
A comparison of the DM method with the RB method showed that the number of genera found by DM method was larger than by the RB method. The results indicate that we can expand the diversity of fungus genera by using the DM and the RB method concomitantly.
In conclusion, we established a new method for incorporating treatment of fungal cultures with DM and succeeded in isolating slower-growing fungi by slowing or curtailing the growth of faster-growing fungi.
Furthermore, we succeeded in obtaining nine strains that belonged to rare genera from plates containing 0.1% DM, but no rare genera were obtained from plates without DM in the experiment on the effects of DM concentration. In the other experiment, we obtained eight strains belonging to five rare genera from the DM plates, and obtained only two strains belonging to two rare genera from the RB plates. These results indicate that the DM method can enhance the possibility of isolating rare fungal genera. In order to classify these rare fungi into appropriate taxonomical positions, we intend to perform polyphasic analysis depending on chemotaxonomy, morphological characteristics, and further phylogenetic analysis.
